Every year, more than US$200 billion is poured into biomedical research worldwide 1 . The findings are ultimately meant to better the lives of patients and humankind. There are many ways research outcomes can be translated into clinical practice, but publication in a peer-reviewed journal remains the primary means of relaying them to the public domain. After publication, it is implicit that referencing the original article in another work will assign a degree of influence to the former. Thus, it also implies that the number of citations an article receives provides a measure of its 'academic value' .
Counting the number of citations can be effected for an individual article, author, or a journal. The three entities are intimately connected, but an article originates from authors, and is embedded within a journal as its carriage vehicle. In recent years, the seemingly simple act of counting citation numbers has developed from mere addition into a complex analysis of citation patterns using computational or mathematical methodology.
JOURNAL INDICES
Information technology has facilitated the determination of bibliometric indices for an article, or a group of articles in a specific journal. While an individual journal can have many sections, it is generally agreed that peer-reviewed original communications have the most impact on the scientific community. The publication of Journal Citation Reports by Thomson-Reuters 2 represents a milestone with regards to journalcitation dynamics. The Impact Factor (IF), which computes the ratio of citations over the total number of articles published by a journal, is the index that has received the most attention. Other indices in this report include the Immediacy Index, calculated by dividing number of citations by the number of articles in the same year, and the citation half-life indices, which address the median ages of cited articles in the current reported year.
Thomson-Reuters also introduced the eigenfactor score to weigh the importance of a journal to the scientific community by rating it according to the number of incoming citations, with citations from highly-ranked journals weighted to make a larger contribution to the eigenfactor than those from lower ranked journals 3 . It is believed that the Journal Citation Reports is currently the most widely used database amongst service providers of a similar nature.
In all, journal indices serve to evaluate the importance of one against another, and by implication, allow a ranking order. However, these indices cannot be perfectly immune to manipulation by publishing policies of the journals (e.g. publishing articles such as review papers, that are more likely to be frequently cited, limiting the total number of articles per issue, or mandating self-citation of papers from the same journal). Impact factors are also difficult to compare across subspecialties, as each has its own frequency of citation unique to its field of work. In reality, creative statistics can be utilised to compute multiple citation patterns in order that desirable attributes of a publication can be factored into a prospective index.
AUTHOR INDICES
The prestige of publishing in a journal with a high IF took on a somewhat different meaning when the focus landed on actual citations of an article by individual or group of authors. In order that both the quality and quantity of an author's research output be tracked, the h-index (introduced by Jorge Hirsch) had gained the most acceptance 4 There are also limitations to the use of the h-index as a measure of an author's research quality 5, 6 : an overt reliance on the age of the journal/length of the author's career, the failure to consider number, order, and amount of contribution for each author, provoking an increase in self-citations, as well as poor comparability across fields, each with different citation tendencies. In practice, one can remain a minor contributor in 20 papers each with 20 or more citations and garner an h-index of 20.
Since the original study by Hirsch, other derivative indices have been developed, such as the i-10 index which reflects the spread of lesser cited papers (10 or above), m-index which divides the h-index value by the number of years since the first paper was published, and the c-index, which takes into account the collaboration distance between citing and cited authors etc. The list goes on and is still increasing.
The rescaling and averaging of indices so that they can be compared across various disciplines to allow comparability has been mooted 7 . However, this initiative requires extensive data collection and is expensive. Pending a cost benefit analysis, its widespread acceptability remains to be seen. Similar to journal indices, the creative use of statistics can be employed to develop new indices reflecting the various attributes of an author by virtue of the papers published.
CONCLUDING REMARKS
Moving ahead, what would constitute a reasonable judgment of publication impact?
The true meaning of impact, for a start, can be much harder to ascertain. Journal publications certainly do not constitute the only outcome of research investments. Other means include patents, technological innovations, policy changes and quality improvement initiatives. Certain outcomes that may lead to impactful changes in healthcare are not published; however, these are evident only over a protracted period of time. However, in the academic setting, administrators and grant-disbursing agencies tend to prefer the simplicity of indices to assess fundability, career advancement opportunities and overall academic value. The truth is that a single number assigned to a paper or author will never be able to truthfully reflect these qualities. Some institutions use a combination of journal and author indices for this purpose, but other academic contributions, either as an individual or team, for a particular candidate must not be ignored.
These developments have triggered responses from researchers themselves. A statement entitled the San Francisco Declaration on Research Assessment (DORA) has addressed the issues by lobbying support to discourage the use of journal indices to assess an individual researcher's academic value, encourage a re-emphasis on scientific content, and promote inclusivity by taking into account a broader range of impact measures other than indices 8 .
The increasing usage of web-based tools to search for published scientific research and the proliferation of open access publishing portals is likely to enhance the dissemination and citation of journal publications. This will alter the strategy of searching, assembling and citing published information, which also becomes independent of where the original article was published. Citation behaviour will be influenced by the accessibility, availability and ease of the online searching process.
In conclusion, the search for a single 'ideal' publication index (characterised in Table 1 ) is more of an academic exercise than a true reflection of the fruits borne out of astronomical research funding. Without doubt, sensibility should be exercised in its application. 
